Transport demand management policy integration in Chinese cities: A proposed analysis of its effects by Yang, W. (Wei) et al.
energies
Article
Transport Demand Management Policy Integration in
Chinese Cities: A Proposed Analysis of Its Effects
Wei Yang 1,*, Wijnand Veeneman 1 and Martin de Jong 1,2
1 Faculty of Technology, Policy and Management, Delft University of Technology, Jaffalaan 5, 2628BX Delft,
The Netherlands; W.W.Veeneman@tudelft.nl (W.V.); w.m.dejong@tudelft.nl (M.d.J.)
2 School of International Relations & Public Affairs, Fudan University, Shanghai 200433, China
* Correspondence: w.yang-1@tudelft.nl; Tel.: +31-633-514-694
Received: 30 March 2018; Accepted: 1 May 2018; Published: 2 May 2018


Abstract: Transport demand management (TDM) measures are widely regarded as essential tools to
deal with traffic issues. Their effectiveness has been under scrutiny. Packaging of TDM measures
has recently received much attention from researchers and governments because it can achieve more
complex policy goals and resolve the negative effects of single TDM measures. Many studies have
examined the concept of policy packaging, the ideal packaging process, and potential barriers at the
theoretical level. However, the way TDM packaging as a concept works in a real-world context has
received little attention. Additionally, there is little methodology to analyse its characteristics from a
dynamic and historical perspective. Therefore, this study provides a methodology for analysing TDM
packaging in four dimensions (i.e., density, classification, interaction, and time). These dimensions
respectively reveal how many and what kind of TDM measures have been implemented, how they
interact in a package, and how these characteristics change over time. We examine this methodology
through comparative case studies based on policy document analysis in two Chinese cities, Dalian
and Shenzhen, both of which adopt a large number of TDM measures. The results show that this
methodology successfully reveals the characteristics of case cities: both tend to put more TDM
measures into the transport policy package to deal with traffic issues, but the package in Shenzhen is
more integrative than that in Dalian. We also find that with the integration of packaging increasing,
transport systems are becoming more sustainable, and Shenzhen performs better in this regard than
Dalian. This methodology can be used to analyse policy packaging in broader areas and to examine
its influence on transport systems in more case studies in future research.
Keywords: transport demand management (TDM); policy packaging; transport policy; congestion;
emissions; Dalian; Shenzhen; China
1. Introduction
Modern societies are struggling with the effects of growing urban mobility, in terms of
sustainability and congestion [1]. Governments throughout the world have applied a wide variety of
policy measures to improve transport systems’ performances, both in terms of their internal functioning,
as well as their negative externalities. As transport-related policy problems are regarded as ‘messy’
or ‘wicked’ [2], inherent difficulties exist in defining the goals and problems and finding adequate
measures; the variety of perspectives to a broad set of closely interrelated problems challenges the
effectiveness of classic policy development. This complexity of transport systems makes it impossible
for policy-makers to fully grasp the effectiveness of each measure or intervention in detail.
A possible way forward to this challenge is to have a more integrated policy perspective [3].
As Banisterunderlines the pluralism of problems, a pluralism of coordinated solutions could be
an answer, oftentimes combined with the inclusion of stakeholders that can represent the various
Energies 2018, 11, 1126; doi:10.3390/en11051126 www.mdpi.com/journal/energies
Energies 2018, 11, 1126 2 of 22
perspectives on mobility processes [4]. Yigitcanlar and Teriman further stress the need for integrated
planning and decision-making for sustainable urban development [5].
Since the 1970s, governments have aimed to facilitate the growing need for transport. However,
it has become clear that keeping pace with the growing demand by supplying more roads to meet
increasing travellers’ demands is self-defying: more roads mean more congestion [6,7]. From this
point of view, TDM is regarded as a new focus to deal with these problems to achieve equilibrium
between supply and demand. There are many TDM measures successful in cities around the world.
For example, a congestion fee in Sweden which reduced 20% traffic entering the core and improved
the overall accessibility, and individualized travel planning which increased public transport use, and
bicycling and walking in Japan, UK, and the US [8].
Although many TDM measures are usually regarded as effective measures on changing travel
behaviour and promoting the effectiveness and accessibility of transport systems in principle,
individual TDM policies have been proved less effective and may cause unexpected negative side
effects after implementation. For example, the policy of car restrictions based on tail numbers in
Beijing offered some incentives to households to purchase more cars with distinctive tail numbers [9].
Moreover, it is also accepted that only TDM policies without those policies from supply sides, and
even other sectors, cannot solve traffic-related problems, like congestion and pollution.
With the wide set of possible TDM measures and the need for integrated policy-making, a more
integrated approach to transport policy making could provide a way forward. Policy packing (or
policy mix, or policy portfolio) could provide such an approach. Researchers and practitioners are
currently examining concepts of policy packaging, the ideal packaging processes, and potential barriers
at the theoretical level [10–12]. However, these studies usually explore the components and factors
of policy packaging only in principle or seek the best packaging from a static combination of several
policies. There are few studies investigating the dynamic process of policy packaging in practical
transport management. Additionally, there is limited methodology for analysing its characteristics
in real-world applications, comparing different policy packages, and assessing its outcomes from a
dynamic perspective.
Therefore, this study aims to design a methodology for analysing TDM packaging in the real
world and to explore the impact of TDM packaging on the development of sustainable transportation,
by using that methodology. The effectiveness of this methodology is examined in two Chinese cities:
Dalian and Shenzhen; both cities are famous for public-transport-oriented development by packaging
various TDM measures in recent decades; however, the bus sharing rate, one important indicator of
public transport performance, shows Shenzhen passed Dalian in 2008 and has kept growing fast since
then [13–16].
This article is structured as follows: Section 2 establishes the value of policy packaging in a TDM
context and the methodological gap for empirical analysis of policy packaging; Section 3 describes the
proposed methodology for analysing TDM packaging and details the data sources and information
of two case cities; Section 4, by piloting this methodology in Dalian and Shenzhen, illustrates the
characteristics of TDM packaging and relationships between their packaging and transport systems’
performances; Section 5 answers the research questions, evaluates this methodology, and provide
prospects for future study.
2. Literature Review
2.1. TDM
The concept of TDM, first developed in the United States in the 1970s, has become broad and rather
blurred as it is now widely used and modified around the world by a set of professionals specializing
in different disciplines with their own background knowledge. For example, engineers view transport
demand management as traffic flow control and technological challenges [17], economists regard TDM
from the pricing perspective [18], and policy-makers may view it as a regulation within transport
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systems [19]. The shared perspective is their obvious focus on regulating the demand for mobility,
rather that the supply, with large grey areas, for example, in demand-regulating supply, like that of
public transport services.
As there is a wide variety of TDM measures in transport management, a need exists for further
categorization. The literature provides several. One important categorization is based on transport
modes which one TDM measure targets and deals with, including walking, cycling, public transport,
private cars and taxis, etc. [20]. TDM measures are also distinguished by different approaches to
changing travelling behaviour [21,22]. TDM measures can usually be classified into five categories
of focus: facility measures (which change transport infrastructures to increase the attractiveness of
alternative travel modes), regulation measures (which directly regulate use), economic measures
(raising the costs of private car-use respective to alternative travel modes), information and education
measures (which aim at changing people’s beliefs, norms, and values related to car use by providing
the latest and sufficient information or knowledge), and service measures (which focus on improving
the quality of alternative transport services).
Several studies have examined the effectiveness of various kinds of single TDM measures in
ex- and post-ante transport practices [23–26], where single TDM measures prove disappointing in
dealing with broader transport and environmental issues. The reasons manifest in four aspects. Firstly,
one individual TDM measure, especially financial measures, are easily rejected or evaded by the
public [27]. For example, congestion fees or road fees are often rejected, although these measures
have proved effective later [28]. Secondly, one individual TDM measure hardly deals with its possible
negative side-effects. For instance, the subsidy for cleaner energy vehicles is aimed at decreasing the
greenhouse gas emission per vehicle, but at the same time it can increase the demand for private
cars [29]. Thirdly, an individual TDM measure itself generally lacks the power to realise the more
ambitious policy goal-behavioural change [30]. Finally, the effectiveness of one individual TDM
measure is easily influenced by external factors within, or outside, transport systems [31]. As a
consequence, single TDM measures have proven to have limited power in changing urban mobility
for the better.
2.2. TDM Packaging
To solve problems of individual policy measures, policy packaging is widely considered by
policy-makers and researchers because it could “improve the possibility of policy success” by providing
“a wide range of policy options” which can be “implemented in coordination” [27]. Although the
normative definition of policy packaging towards a policy mix [32,33], or policy portfolios [11,34],
is not a new concept and has been known for many years, the published research on it takes a
relatively theoretical perspective, focused around three elements: policy strategy, instruments, and the
instrument mix process [33]. Firstly, the literature around policy strategies goes beyond the objectives
to be realized through specific policy instruments, and includes a long-term and actor perspective [35].
The instruments are usually classified as two types: the primary measures and ancillary measures [27].
The primary measures are expected to achieve the direct effectiveness of the policy package following
expected behaviour, while ancillary measures are related to secondary effects of unexpected behaviour
and to ensure packages implementable. Here, packaging follows a normative dynamic process [12],
which can be classified into four categories (i.e., replacement, drift, conversion, and laying) according
to the consistency between goals and measures [36].
In order to analyse the real-world application of the concept of policy packaging in transport
systems, a review is needed of the methodologies used in current studies to evaluate their
advantages and disadvantages. Some of them focus on developing a method to design an “ideal”
policy package. They usually propose various potential combinations of policy measures as a
package and examine their effectiveness and acceptance based on the pre-evaluation from experts,
policy-makers, or travellers through interviews and questionnaires [37]. In addition, Taeihagh designs
a network-centric method with a computational approach for analysing the interactions of policy
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measures, to analyse and predict the development of packaging [38]. All these studies focus on the
ex-ante analysis of policy packaging. The methods are good at benchmarking and following the
criteria of policy packaging in the former literature, but its effectiveness is easily influenced by the
representability of the subjective opinions used, and is also restrained by the limited dimensions and
factors proposed in the early stage of the research.
In contrast, other studies measure policy packaging, which have been implemented, in different
dimensions. A first dimension is the proportion of various measures in one policy package.
For example, Filipe and Macário develop an assessment methodology to evaluate the proper percentage
of various measures in one package for various Bus Rapid Transit (BRT) development contexts [39].
Additionally, Tønnesen compares two transport policy packages in two Norwegian cities by analysing
the different proportion of each kind of measure in the package [31]. A second dimension looks
at the categorizations of measures. Davoudi and Sturzakemap categorizations of existing policy
packaging and examine its relation to with urban forms [40]. Finally, researchers like Rogge and
Reichardtand Kern et al. emphasize time as another crucial dimension for analysing the development
of policy packaging and the need to understand the timeline of policy measures based on a systematic
review [33,41]. These studies provide fruitful perspectives for the analysis of characteristics of existing
policy packaging, but there is still a lack of an approach which can capture the main characteristics of
policy packaging and compare the effectiveness by synergizing all available dimensions.
To conclude, in the context of sustainable transport development, policy packaging could be an
effective tool for managing real-world mobility, but its effects are poorly understood in real-world
contexts. In order to achieve this objective, three aspects should be improved. First, a dynamic
perspective should be taken to investigate the whole life-cycle of TDM packaging. TDM packaging is a
continuously dynamic process without a precise packaging boundary [33]. Consequently, there is a
need to understand the effects within a broader period, looking at TDM packaging from a general and
historical perspective. Second, an approach should allow for a straightforward comparison of TDM
packaging on different characteristics. Existing research lacks a methodology for analysing policy
packaging characteristics, as well as evaluating the outcome of policy packaging, which, to a large
degree, limits the guiding functions on the TDM packaging implementation. Third, we needed to
evaluate the effectiveness of TDM measures packaging on the sustainable development of transport
systems. Although confirming the causal relationship of packaging, excluding other potential
contextual factors, such as political, geographical, and cultural factors, is mostly impossible in the real
world [42], empirical research from different backgrounds on exploring the correlation between TDM
packaging and transport system performance is meaningful for its design and implementation.
3. Methodology
In order to unfold the whole process of policy packaging, a comprehensive approach is unavailable
to analyse policy packaging. It is much more meaningful to examine how various policy measures
develop over time, rather than to identify an “ideal” static policy package [41]. That approach has to
deal with a reality where policy packaging does not occur instantaneously. Policies are packaged with
new policies introduced after learning about the effectiveness of implemented policies, understanding
the interaction between policies, and the consequent layering of policies that can be done more or less
interactively. Those interactions are reflected in the design space (the interaction of various design
alternatives, stakeholder involvement, and other context-specific factors), and the layering is found in
temporal factors (e.g., sequence of policy measures, and the process of policy implementation), both of
which are important in analysing policies [38,43,44]. Therefore, our study develops an integrative
method, considering both aspects. Moreover, one further step is made by applying this method,
to explore the influence of TDM packaging on the performance of sustainable transport systems.
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3.1. Measuring Policy Packaging
This study develops a method to measure policy packaging based on the combination of
methodologies selected in the literature review, including four dimensions—density, categorizations,
interaction, and time—each of which reveals one character of policy packaging, shown in Table 1.
This not only covers the characters of single measures and the interaction among them, but also
investigates their change in a dynamic process. The reasons why the methodology includes these
characteristics are that, firstly, it includes the temporal factor, which enables us to investigate
packaging from a dynamic and historical point of view, and, secondly, the characteristics can provide
a whole picture of packaging by describing it from different perspectives: the density reveals the
numerical value of TDM packaging; the categorization reflects differences of groups of measures;
the interaction indicates the relationships between two measures; and the time presents the change
of these characteristics. Lastly, considering the data accessibility, these four characteristics can all be
analysed based on contextual analysis.
Table 1. Dimensions of TDM packaging.
Dimensions Explanations
Density The average occurrence of TDM measures
Categorization The occurrence of each categorization of TDM measures
Interaction The co-occurrence of two TDM measures
Time Changes of density, categorizations and interaction
3.1.1. Density of TDM Measures
A first relevant measure is the density of TDM measures, being the number of TDM measures
taken. To establish this, policy documents are scanned for the occurrence of TDM measures, as stated
on a first long list of possible TDM measure. This is no indication yet of the integration of policies.
Measures may be implemented separately and not considered in their interdependencies. Thus, a first
analysis looks only at the number of measures as a measure of intensity: how frequent do TDM
measures’ occur in documents. In order to eliminate the interference from unbalanced numbers of
policy documents, the density is applied to represent the average intensity of TDM measures per policy
document. Our assumption is that this reflects whether, and to what degree, governments are willing
to design and implement TDM measures as a package rather than as separated tools.
3.1.2. Categorizations of TDM Measures
A second relevant measure to understand TDM packaging is aimed at understanding
categorizations of the packages developed. What categorizations of TDM measures are taken?
According to literature reviews, categorizations of TDM measures reflect preferences of governments in
selecting appropriate measures. To come to this overview we further developed existing classifications
of TDM measures. This study adopts two categorizations, target traffic modes and approaches to
changing behaviours. Target traffic modes include pedestrian (P), bike (B), private car (C), public
transit (PT), and taxi (T), while the approaches classification include campaign (c), regulation (r),
economic (e), service improvement (s), and facility improvement (f) (detailed in Appendix A). The first
category can reveal which traffic modes governments focus on and regard as primary issues in the
strategies, and the second one implies governance styles in dealing with traffic issues, being soft
or hard. Overall, the categorizations of TDM measures are measured and compared by both their
intensity and proportion in one package.
3.1.3. Interaction of TDM Measures
A third, and key, measure to understand policy packaging is to understand to what extent those
developing the policies see the measures in their mutual dependencies. To establish that we carried
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out a text analysis to see to what extent the texts suggest interactions between measures. In order to
analyse the interaction of measures, social network analysis theory is used. Network analysis is a set
of methodological techniques aimed to explore the general patterns in social relationships formed
within individuals and groups [45,46]. Except active actors in social and political systems, the links
of non-actor items, such as papers and policy documents, can also been investigated by the network
analysis. For example, co-citation networks are formed based on the citing and cited relation within
papers [47]; the goal and target networks are established to analyse the integration of policies of
sustainable development [48].
This method is seemingly straightforward. All categorizations of measures are determined
by analysing related contents in policy documents. The links between two measures refer to their
co-occurrence in one policy document. The interactions are strengthened with the replication of those
same links in different documents. Then the matrix of links is created and used for two-mode network
analysis [49]. Via simple network analysis techniques, the network of measures is formed and shown
based on degree centrality (which counts how many neighbours a node has) [48]. If one measure has
the most connections with others, this measure is regarded as the central or primary measure in the
packaging. Moreover, the density of networks, referring to the portion of the potential connections in a
network that are actual connections [50], is calculated to represent the degree of packaging integration.
A packaging network with higher density means that these measures have been integrated better and
this package is likely to make more synergized effects.
3.1.4. Development of TDM Packaging
A fourth measure to understand the dynamics of policy packaging focuses on the temporal
development of packaging. This is especially important as we want to understand the possible effects
of the packaging, which express themselves over time. This time dimension enables us to investigate
the real packaging process from a dynamic point of view by examining the change of three characters.
As policies always keep changing, and significant changes usually happen in some crucial moments,
it is useful to analyse them in different phases of development [51]. No matter what kind of changes
happen, we can determine how a policy package develops and compare packages in different phases.
Therefore, this study next analyses each character, combining its development overtime.
3.2. The Influence of TDM Packaging
Finally, the literature expects an effect of policy packaging on the performance of the mobility
system of the urban environment. Based on the measurement of TDM packaging above, we can
explore the relations between TDM packaging and performances of transport systems. This is our fifth
measurement. It should be noted that this study cannot conclusively prove the causal relationship
between them because of current data limitations and the potential contextual factors, such as economic
and geographical ones. However, to examine the relation between the development of TDM packaging
and the changes of performance of transport systems is to set the stage, which is regarded as a
meaningful pilot for future research. Specifically, we examine whether the density, categorizations,
and interaction of TDM packaging can explain the change of transport performance.
In order to evaluate the influence of packaging on transport systems, indicators of sustainable
transport systems are selected to evaluate their performance after issuing some TDM measures.
The indicators, well-established in the existing research [52,53], generally include economic, social,
and environmental aspects with the data from objective documents and subjective evaluation.
Considering the fact that packages target broad goals, as well as the availability of data, this study
only selects two broad indicators: the public transport sharing rate and the congestion delay index
(see Table 2). Public transport sharing rates reveal the actual role of public transport in travelling,
and the congestion delay index mainly reflects how much congestion travellers face when driving
cars [54]. It is generally accepted that higher public transport sharing rates and lower congestion delay
indices can contribute to more sustainable and higher quality transport systems.
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Table 2. Indicators of transport performance.
Indicator Explanation
Public transport sharing rate The percentage of public transport trips in total trips
Congestion delay index The quotient of free travel time divided by average travel time
3.3. Data Collection Procedures
This study examines the methodology in two Chinese cities—Dalian and Shenzhen—during
the stated period from 2006 to 2017. Multi-case analysis allows for testing the proposed approach
more effectively than a single case study and gives a sense of its potential to reveal the influence
of packaging [55]. The reasons for selecting these two cities are as follows: (1) Both are facing
similarly severe traffic issues, but they have actually adopted different strategies in transport system
development. Dalian ranked first as a “public transport city” in China in 2000, but private cars
increased dramatically since then. In contrast, Shenzhen is continuously developing its public transport
systems and, in fact, surpassed Dalian, rapidly becoming one of the nationally-famous Transit-oriented
Development (TOD) cities; (2) Various TDM measures have been implemented to deal with mobility
issues since 2006, which makes the study of the process of TDM packaging possible; and (3) These
two cities, to some extent, represent numerous other ones in China, Dalian being a relatively more
advanced Northeastern city, and Shenzhen acting like a pioneer in the southeast.
Content analysis is applied in this study because key information on TDM packaging showing
its implementation can be drawn from policy documents. The sources are mainly open government
platforms (http://www.dl.gov.cn/gov/affair/index.vm?type=2&toid=04&lid=3_4_2; http://www.sz.
gov.cn/zfbgt/). The data were collected in two rounds. The first round consisted of collecting all types
of policy documents (e.g., laws, notices, regulations, and measures) related to transport management
from 2006 to 2017. For Chinese cases, this period covers the 11th (2006–2010), 12th (2011–2015),
and a part of 13th (2015 to 2017) five-year plans, which provided opportunities for significant changes
in policy strategies and specific measures at both the national and local levels. In the second round
those documents were screened with the principle that one should at least include one TDM measure.
In addition, the data of public transport sharing rates were taken from the China city statistical yearbook
and the congestion delay index was derived from Gaode Chinese major city transport reports.
Several qualitative and quantitative analysis tools are used to analyse the data. The qualitative
tool, MAXQDA 12 [56] is used to code all collected policy documents based on keywords or sentences
referring to any TDM measure. To be specific, when one keyword or sentence of one specific TDM
measure occurs, it is counted as one point, but each TDM measure is only counted once in one
document. Descriptive analysis of TDM measures are then carried out by SPSS [57] and the packaging
relationships between TDM measures is based on a social network analysis tool, Netdraw [58].
4. TDM Packaging and Sustainable Transportation in Dalian and Shenzhen
4.1. TDM Packaging in Dalian and Shenzhen
This section presents the results of three characteristics of packaging—density, classification,
and interaction—and their change overtime based on the data from collected policy documents.
4.1.1. Development of TDM Measures in Density
This study firstly analyses the characteristic of TDM measures in terms of number, intensity,
and density. In Dalian, 31 policy documents were found with at least one TDM measure mentioned;
in Shenzhen, 42 policy documents were found. For both the documents were evaluated from 2006 to
2017 (Table 3). In both cities, the number of policy documents related to transport demand management
is increasing over time. It increases more rapidly in Shenzhen, especially in the beginning two years
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of 13th five-year plan period. The result indicates the Shenzhen government puts more focus on
implementing policies that include TDM measures when dealing with transport issues.
Table 3. Summary of TDM measures in Dalian and Shenzhen from 2006 to 2017.
Summary City 2006–2010 2011–2015 2016–2017 Total
Policy
documents
Dalian 10 17 4 31
Shenzhen 10 19 13 42
Intensity
of TDM
Dalian 23 82 12 117
Shenzhen 47 117 48 212
Density
of TDM
Dalian 2,3 4,8 3,0 3,8
Shenzhen 4,7 6,2 3,7 5,0
The intensity and density of TDM measures in Shenzhen are higher than Dalian in all three
periods (Table 3). The intensity indicates there are more measures issued or mentioned in Shenzhen
than Dalian at the same time. Table 3 also shows that two governments tend to issue a large number of
measures in the beginning year of the plan, such as 2011 and 2016.
In order to check whether the higher intensity is the result of some policy, each containing many
measures or many different policies including a few measures, the density of intensity per policy
document is calculated. This illustrates that the Shenzhen government packages more TDM measures
in one policy document than Dalian, in general (see Table 3 and Figure 1). One of reasons why the
trend reversed in 2007 is that Shenzhen issued few policies in that year. It also should be noted that,
as TDM measures in the next three years of 13th five-year plan are still unknown, the density of TDM
measures in the short period from 2016 to 2017 is lower than the earlier periods.
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Figure 1. Density of TDM measures.
To sum up, the density of TDM measures in Shenzhen is higher than that in Dalian, and it increases
dramatically in the first year of the plans. Therefore, it illustrates that the propensity in Shenzhen is to
integrate measures more in one policy and, as such, has a higher packaging level than Dalian.
4.1.2. Development of TDM Measures in Categories
To reveal the overall characteristics of the packaging, the packages are analysed based on
categories of measures with a similar feature, rather than single measures. Before the comparison based
on categorization, it is necessary to illustrate how many types of measures have been implemented
in the two cities. Table 4 shows that Dalian has adopted a wider variety of measures than Shenzhen.
One reason why the Dalian government issued more categories of TDM measures from 2006 to 2017 is
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that some types of TDM measures that had been issued before 2006 (for example in 2004 in Figure 2)
are not included. Moreover, Figures 2 and 3 show that more TDM measures have been updated or
continuously emphasized (N in each row) in Shenzhen than Dalian. This illustrates that the Shenzhen
government is more actively optimizing existing TDM measures, while Dalian tends to keep on
piloting the effectiveness of new TDM measures.
Table 4. Types of TDM measures.
Type City 2006–2010 2011–2015 2016–2017 Total
Types of TDM Dalian 19 22 3 44
Shenzhen 15 17 3 35
Here, the differences in the various proportions of categories of TDM measures are investigated.
As stated above, this study selects two kinds of classification: different transport modes targeted and
different approaches to changing behaviours. The differences between the cities are shown below,
in Figures 4 and 5. These figures show the percentage of TDM measure categories as mentioned as
a proportion of the total mentioned through time on the bottom. On the top, the figures show the
intensity of TDM classifications that are outlined in their cumulative occurrence of all types of measures.
The measures are expected to produce effects continuously over the years, hence the intensity is looked
at cumulatively, with the number in a specific year being the sum of the occurrences of new measures
in that year and earlier mentions of policies that are still in place.
There are increasing TDM measures implemented in Dalian and Shenzhen and the specific
compositions of TDM packages show a clear difference (Figure 4). Before 2011, measures in the
regulation category represent the main approach to deal with traffic issues in both cities. Both cities
show a noteworthy shift in the adoption of different TDM measures. Facility (infrastructure for
alternative modes) and campaign measures increase rapidly and take the most important role in the
Dalian package. Economic measures rank last in Dalian, throughout the years. By contrast, Shenzhen
prefers to adopt measures in the service category, providing alternative transport services, in addition
to facility measures, as well as regulation measures in recent years. Campaign measures over the years
had a much higher occurrence in Dalian than in Shenzhen.
As for the categories that look at the different transport modes, the two cities show two distinct
development orientations of TDM measures (Figure 5). In both cities, before 2010, measures of cars
and taxis form the core, with significant growth for public transport measures. However, the growth in
Shenzhen of public transport measures is much larger than in Dalian. After 2010, the measures oriented
towards car and public transport increase most with Shenzhen showing a stronger focus on public
transport. From 2013, measures of bicycles and walking increase slowly, more so in Shenzhen than
in Dalian. The figure shows that the Shenzhen government has a stronger focus on public transport,
walking, and cycling.
In conclusion, results above provide that Shenzhen ends up with a more diverse set of TDM
measures, which creates opportunities to enhance the connection of different measures, while Dalian
continues to focus on cars and public transport more. In addition, there is a significant focus shift of
measures in both cities. In Dalian, the focus shifts away somewhat from the private cars after 2011;
however, the Shenzhen government has a stronger shift and keeps improving public transit facilities
and services. Finally, the Dalian government prefers the measures that establish transport facilities and
conducts broad campaigns (e.g., providing parking facilities and media), while Shenzhen emphasizes
the improvement of public transport services (e.g., improving bus accessibility) and slower modes to
attract people to change their travel behaviour.
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4.1.3. Development of TDM Measures in Interaction
Above, this article describes the c aracteristics of measures, the compone ts of ac a i , and
the packaging network, and presents how measures interact with each other in the packaging. The key
to understanding policy packagi g, however, is to see to what extent these measures were seen in their
interdependencies when the policies were develo ed a d proposed. To assess that, social network
theory is applied to see whether these dependencies are revealed in the policy documents.
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Figures 6 and 7 illustrate the TDM packaging networks and their development in the three plan
periods in Dalian and Shenzhen. The dots refer to TDM measures as they were found in the documents,
and the lines represent the connection between two measures as mentioned in the documents; a
larger dot means this measure has more interaction with others. The results show that the trend of
packaging in both cities is continuously becoming more integrative and complex. Compared to Dalian,
the packaging network is more interactive and larger in scale, develops more rapidly during the period
from 2006 to 2010, from 2011 to 2015, and from 2015 to 2017, and maintains a higher level in the 13th
five-year plan.
Energies 2018, 11, x 13 of 22 
 
Figures6 and 7 illustrate the TDM packaging networks and their development in the three plan 
periods in  and Shenzhen. The dots refer to TDM m asures as they were found in the 
documents, and the li es r present the conn ction between two measures as mentioned in the 
documents; a larger dot eans this measure has more interaction wit  others. T e results show that 
the trend of packag ng n bo h cities is nt uously becoming more integrative and complex. 
Com ared to Dalian, the packaging ne work is more i teractiv  and larger in sca e, develops more 
rapidly during the pe iod from 2006 to 2010, from 2011 to 2015, and from 2015 to 2017, and maintains 
a higher level in the 13th five-year plan. 
   
(a) (b) (c) 
Figure 6. Maps of TDM packaging networks in Dalian from 2006to2010 (a); from 2011to2015 (b); and 
from 2016to2017 (c). 
 
 
 
(a) (b) (c) 
Figure 7. Maps of TDM packaging networks in Shenzhen from 2006to2010 (a); from 2011to2015 (b); 
and from 2016to2017 (c). 
The 2006–2010 map of Dalian (Figure 6a) shows that in Dalian, originally, three different fields 
developed, with limited connections. Taxi policies (left line), car policies (right triangle) and public 
transport policies are dealt with in the documents as separate policy blocks. The 2011–2015 map for 
Dalian (Figure 6b) shows a large block, mostly cars, on the left, and a large block, mostly public 
transport, on the right. The 2016–2017 map of Dalian (Figure 6c) shows far more integration. The 
2006–2010 map of Shenzhen (Figure 7a) already shows more interconnections, illustrating that in the 
documents dependencies are already regarded between the different categories. The major policies on 
public transport and cars are already regarded together. The 2011–2015 map for Shenzhen (Figure 7b) 
shows a major step in looking at the different policies in their interdependencies, which remains high 
in the 2016–2017 map of Shenzhen (Figure 7c), both showing high levels of integration, much higher 
than any of the Dalian maps. 
After this more intuitive analysis of the development in packaging networks, we next zoom in 
on the maps and compare the top 10 core measures that connect most to other ones in each period for 
both cities (see Table 5). This illustrates that, in Dalian, in the period of 2006–2010, the interaction of 
measures is more car-oriented, with a focus on facilities. Between 2011 and 2015, with the TDM 
measures increasing in integration, measures of private cars take the central role in the packaging 
network. The connection between measures of private cars and public transport increase 
significantly. From 2016, policy-makers begin to enhance the interaction among more various types 
of measures. As for Shenzhen, from 2006to2010, interactions link different kinds of TDM measures. 
With the number of TDM measures increasing rapidly in the next period, the interaction of measures 
became rather tighter than Dalian at the same time. In the last period plan, the network gets even 
more integrative. 
Figure 6. Maps of TDM packaging networks in Dalian from 2006 to 2010 (a); from 2011to2015 (b);
and from 2016to2017 (c).
Energies 2018, 11, x 13 of 22 
 
Figures6 and 7 illustrate the TDM packaging networks and their development in the three plan 
periods in Dalian and Shenzhen. The dots refer to TDM measures as they were found in the 
documents, and the lines represent the connection between two measures as mentioned in the 
documents; a larger dot means this measure has more interaction with others. The results show that 
the trend of packaging in both cities is continuously becoming more integrative and complex. 
Compared to Dalian, the packaging network is more interactive and larger in scale, develops more 
rapidly during the period from 2006 to 2010, from 2011 to 2015, and from 2015 to 2017, and maintains 
a higher level in the 13th five-year plan. 
   
(a) (b) (c) 
Figure 6. Maps of TDM packaging networks in Dalian from 2006to2010 (a); from 2011to2015 (b); and 
from 2016to2017 (c). 
 
 
 
(a) (b) (c) 
Figure 7. Maps of TDM packaging networks in Shenzhen from 2006to2010 (a); from 2011to2015 (b); 
and from 2016to2017 (c). 
The 2006–2010 map of Dalian (Figure 6a) shows that in Dalian, originally, three different fields 
developed, with limited connections. Taxi policies (left line), car policies (right triangle) and public 
transport policies are dealt with in the documents as separate policy blocks. The 2011–2015 map for 
Dalian (Figure 6b) shows a large block, mostly cars, on the left, and a large block, mostly public 
transport, on the right. The 2016–2017 map of Dalian (Figure 6c) shows far more integration. The 
2006–2010 map of Shenzhen (Figure 7a) already shows more interconnections, illustrating that in the 
documents dependencies are already regarded between the different categories. The major policies on 
public transport and cars are already regarded together. The 2011–2015 map for Shenzhen (Figure 7b) 
shows a major step in looking at the different policies in their interdependencies, which remains high 
in the 2016–2017 map of Shenzhen (Figure 7c), both showing high levels of integration, much higher 
than any of the Dalian maps. 
After this more intuitive analysis of the development in packaging networks, we next zoom in 
on the maps and compare the top 10 core measures that connect most to other ones in each period for 
both cities (see Table 5). This illustrates that, in Dalian, in the period of 2006–2010, the interaction of 
measures is more car-oriented, with a focus on facilities. Between 2011 and 2015, with the TDM 
measures increasing in integration, measures of private cars take the central role in the packaging 
network. The connection between measures of private cars and public transport increase 
significantly. From 2016, policy-makers begin to enhance the interaction among more various types 
of measures. As for Shenzhen, from 2006to2010, interactions link different kinds of TDM measures. 
With the number of TDM measures increasing rapidly in the next period, the interaction of measures 
became rather tighter than Dalian at the same time. In the last period plan, the network gets even 
more integrative. 
Figure 7. Maps of TDM packaging networks in Shenzhen from 2006 to 2010 (a); from 2011to2015 (b);
and from 2016to2017 (c).
The 2006–2010 map of Dalian (Figure 6a) shows that in Dalian, originally, three different fields
developed, with limited connections. Taxi policies (left line), car policies (right triangle) and public
transport policies are dealt with in the documents as separate policy blocks. The 2011–2015 map
for Dalian (Figure 6b) shows a large block, mostly cars, on the left, and a large block, mostly
public transport, on the right. The 2016–2017 map of Dalian (Figure 6c) shows far more integration.
The 2006–2010 map of Shenzhen (Figure 7a) already shows more interconnections, illustrating that in
the documents dependencies are already regarded between the different categories. The major policies
on public transport and cars are already regarded together. The 2011–2015 map for Shenzhen (Figure 7b)
shows a major step in looking at the different policies in their interdependencies, which remains high
in the 2016–2017 map of Shenzhen (Figure 7c), both showing high levels of integration, much higher
than any of the Dalian maps.
After this more intuitive analysis of the development in packaging networks, we next zoom
in on the maps and compare the top 10 core measures that connect most to other ones in each
period for both cities (see Table 5). This illustrates that, in Dalian, in the period of 2006–2010, the
interaction of measures is more car-oriented, with a focus on facilities. Between 2011 and 2015, with
the TDM measures increasing in integration, measures of private cars take the central role in the
packaging network. The connection between measures of private cars and public transport increase
significantly. From 2016, policy-makers begin to enhance the interaction among more various types
of measures. As for Shenzhen, from 2006 to 2010, interactions link different kinds of TDM measures.
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With the number of TDM measures increasing rapidly in the next period, the interaction of measures
became rather tighter than Dalian at the same time. In the last period plan, the network gets even
more integrative.
Table 5. Top 10 core TDM measures in packaging networks.
Dalian Shenzhen
2006–2010 2011–2015 2016–2017 2006–2010 2011–2015 2016–2017
PTf3 PTc PTc PTf2 PTs1 PTs1
PTr3 Cf3 Cf1 PTf3 Bs1 Bs1
PTs7 Ce9 PTs1 PTc PTf3 PTf3
PTf2 Cf2 PTf3 PTr3 Ce9 Ce9
PTc Tc PTf2 PTe1 PTf2 PTf2
PTe1 Cr2 Cc PTs7 PTe1 PTe1
Cf1 Bc Pc Tc Cf2 Cf2
Ce9 Cs2 Cf3 Cf1 PTs2 PTs2
Tc Cs1 Tc Ce9 Ps1 Ps1
Ts Cr6 Cr2 - PTs3 PTs3
Next, the maps show that interaction and density do not necessarily align. This means the
measures that are often mentioned can have few connections. For example, Table 6 shows public
transport subsidies (PTe) have been mentioned for most times in Dalian, but it is seldom packaged with
other measures. It also presents, in the 2011–2016 period, that there are seven car measures and one
public transport measure within the top 10 core measures, but only six car and four public transport
measures among the top 10 high-occurrence measures. These core measures show the development of
transport systems: Dalian tends to focus more on private car management and few efforts are taken to
increase the integration of measures of public transport. For Shenzhen, it is the opposite.
Table 6. Top 10 high-frequency TDM measures in packaging networks.
Dalian Shenzhen
11th 12th 13th 11th 12th 13th
Cc PTf1 PTe1 Cr3 PTs2 PTs2
Cf1 Ce2 Ps PTe Bs2 Bs2
PTr3 Cr2 PTs7 PTs Cs Br
PTs6 Ce7 Br2 PTs2 PTs Cs
PTf2 PTf PTf PTf3 Br PTs
Cr6 Cc Pf1 Br Cr3 PTr
Ce9 Cf4 Cr Cf4 PTr PTf3
Cs2 PTs4 Cf PTr PTf3 Be
PTc PTc PTc PTs3 Bf Bf2
Pte1 Ce3 Pf PTf PTf Cr3
In sum, the results of interaction indicate: TDM packaging is developing with documents,
illustrating how policies are becoming more integrative; compared to Dalian, Shenzhen has a more
connected and wider packaging network; the measures which frequently occur in policies may not be
the ones playing a central role in the packaging; and it is the core measures rather than high-occurrence
ones that can exactly reflect the general strategies and development orientation of cities.
4.1.4. Conclusions
TDM packaging in Shenzhen is more integrative than in Dalian. To be specific, firstly, the Shenzhen
government put more TDM measures in one policy which enforces their perspective on the interactions
between measures. Dalian is starting to do the same in the latest plan, but still has a ways to go,
Energies 2018, 11, 1126 15 of 22
compared to Shenzhen. Secondly, Shenzhen focuses many efforts on public transport development,
while Dalian tends to focus on private cars. The difference of core measures in packaging reflects
that the two cities have different strategies in dealing with traffic issues. Thirdly, the interaction of
measures between policies in Shenzhen is higher than that in Dalian, which illustrates that, compared
to Dalian, Shenzhen emphasizes the synergic effects of policies and has the capacity to deal with a
complex and comprehensive policy packaging process.
4.2. Influence of TDM Packaging on Transport Systems in Dalian and Shenzhen
4.2.1. Introduction
After having applied the proposed approach for analysing TDM packaging in Dalian and
Shenzhen, the next question is whether TDM packaging causes a positive effect on the development
of transport systems. As there is limited research on assessing the effectiveness of post-ante TDM
packaging, this study preliminarily explores whether TDM packaging can explain the change of
sustainable development of transport. Four indicators, i.e., density, categories, interaction, and time,
examined above are applied to analyse their relation with transport performance. Public transport
sharing rates and the congestion delay index are selected as indicators of the performance of transport
systems. They are rather broad but, for the evaluation of policy packaging, this is a prerequisite
rather than a weakness. It should be noted that the data of the congestion delay index from transport
reports have only been issued since 2010 and it generally ranges from 1.5 to 2.5 [54]. Next, this study
explains the different changes of transport performance in the two cities from the point of view of
packaging indicators.
4.2.2. Tentative Outcome on the Effects of TDM Packaging on Transport Systems
The density, referring to the links between the TDM measures, in Shenzhen is higher than that in
Dalian from 2006 to 2017, which means packaging in Shenzhen is more integrative. Figure 8 shows how
the density of the packaging network increases and how the percent of the public transport sharing rate
continues to grow. Shenzhen achieves a higher public transport sharing rate than Dalian, which could
be related to both the stronger focus on public transport measures and the more integrative TDM
policies that have been implemented gradually.
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Figure 8. Public transport sharing rate and policy network density.
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Moreover, Figure 9 shows a significantly decreasing congestion delay index for both cities from
2013 to 2017, at the same time when more policy packaging of TDM is applied in both Dalian and
Shenzhen. The decrease is much stronger in Shenzhen, with a stronger focus on policy packaging.
Figure 9 also demonstrates the difference in the development of packaging and the slow down
after 2015.Energies 2018, 11, x 16 of 22 
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As for the different types of TDM measures, Shenzhen continuously enhances public transport,
but Dalian tends to put greater focus on private car regulation after 2010 (Figure 5). This can partly
explain why the bus sharing rate in Shenzhen increases rapidly, but lags in Dalian.
4.2.3. Conclusions
Above all, the degree of integration of policy packaging is shown to be consistent with the change
of performances of transport systems. The cities differ on both the focus on types of measures (on public
transport for Shenzhen, and on cars for Dalian), as well as on the level of integration. Although the
number of TDM measures increases quickly in both Dalian and Shenzhen, the Shenzhen government
integrates these measures much more and seems to achieve higher synergy effects than Dalian. This is
likely due to Shenzhen having a more sustainable transport system. Although, we cannot prove to
what degree the TDM packaging influences the performance of transport systems, the application
presented here shows promise for the analysis of policy packaging by using other quantitative methods
based on a much larger dataset.
5. Analysis
The results above demonstrate how this methodology is able to comprehensively capture and
analyse the practice of TDM packaging, as such filling a clear gap in the existing literature which just
focuses on bundles of isolated TDM measures, or the packaging at one specific time. The methodology
includes four dimensions: density, categorization, interaction, and their change with time. Each of
them shows one specific character of policy packaging. To be specific, density (refering to the average
number of measures in one policy document) illustrates the degree of complexity of one policy,
as well as the interaction of measures within one same policy. It could directly reflect to what degree
governments put efforts into packaging. The categorization dimension reveals the governments’
preferences of transport measures and the orientation of the packaging’s development. The network
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dimension shows the interaction of measures from different policies and the key measures supporting,
or supported by, other measures. Moreover, changes of these dimensions with time illustrate how
packaging develops and when the key window of packaging happens. As these four dimensions
describe different aspects of packaging, it is better to analyse them together. Honestly, applications in
two cities is limited, but suited the purpose of this paper. The approach looks very scalable, for example,
in combination with a Qualitative Comparative Analysis (QCA) approach to support more systematic
cross-case analysis.
With this methodology applied in Dalian and Shenzhen, this study shows that both cities have
continuously increased the number and the integrity of TDM measures, in order to deal with “wicked”
transport issues. This confirms that TDM packaging is widely used in these real-world transport
systems. The analysis also illustrates that the development of packaging in two cities is quite
different. We find that the Shenzhen government has a more integrated strategy for, and a more
stable development of, packaging. It keeps revising and updating measures after 2011, before which
various measures were issued, while Dalian adds and pilots more new measures into the existing
package. Moreover, Shenzhen continuously focuses on public transport by increasing the number of
public-transport-related measures, which is the most compared to other transport modes. In contrast,
Dalian shifts to emphasize private car-oriented measures, although Dalian has the largest percent of
public transport measures before 2010. We also find the Shenzhen government prefers to integrate
single measures into packages. The Shenzhen government regards more, and a wider variety of,
measures in one policy document and adopts more, and various, measures to deal with traffic issues
as compared to the Dalian government.
Although many contextual factors should be considered, the results at least show that a city, like
Shenzhen, which has higher interactions between measures through packaging, could have better
performances in the sustainable development of transport. This finding is consistent with Givoni’s
argument [27].
6. Discussion and Conclusions
TDM measures are widely used in current transport management, but a single measure or disjoint
measures often fail to achieve the multiple goals required of the real-world policies, and it may
cause negative effects. Therefore, packaging of TDM measures has received increasing attention from
researchers and practitioners. As there is limited research in the assessment of policy packaging in
practice and of its influence on transport systems, this article introduces a comprehensive approach to
investigate policy packaging from the characteristics of its components (i.e., density, categorization, and
interaction) and of its development over time. This approach is applied to study TDM measures and
their effects in Dalian and Shenzhen between 2006 and 2017, based on the analysis of policy documents
on transportation. The specific aim of this study is (1) to examine the applicability and possible
effectiveness of this approach and (2) to describe and compare characteristics of TDM packaging over
time in two cities, and to analyse the empirical relation between TDM packaging and performances of
transport systems.
Firstly, the results show that this approach is an effective method to capture both overall and
specific characteristics of policy packaging, and to compare different packaging. Without analysing
complex policy processes, document analysis can be used as a proxy for the manner in which
policy packaging is developing. Among the dimensions of this approach, the density reveals how
policy documents interrelate different (types of) measures; the categories indicate the direction and
possible strategy of packaging, by presenting development of, and links between, different groups
of measures; the interaction shows the connecting networks of measures and directly demonstrates
the integration of packaging; and the temporal factor enables us to understand how policy packaging
keeps changing overtime, which is a vital point of view to analysing the dynamic characteristics of
packaging. This method fills the gaps of an efficient approach that can practically measure and compare
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policy packaging, and also provides an opportunity to analyse the influence of policy packaging on
policy performances.
Secondly, we have shown that a city with higher integrative TDM packaging performs better in
sustainable transport development, but only based on the comparison between Dalian and Shenzhen.
That limited analysis should be extended before we come to definite conclusions, but tentative
outcomes are as follows: packaging integration should be one major goal pursued by governments;
efforts should be made to enhance the connections between existing measures rather than to issue
more, but isolated, ones; and the shift of policy goals or strategies influences the components and
integration of packaging. This conclusion remains consistent with the findings of Kern et al. [41].
This methodology does not only work across national contexts, but can also be applied in policies
of other disciplines, such as innovation or environment, because the components of the designed
methodology (i.e., density, categories, interaction, and time) in this article focus on the features of policy
documents themselves, and are not influenced by contextual factors (e.g., geographical and political
backgrounds or types of policies). The methodology enables researchers to measure the development
of policy packaging in practice and to compare packages across cities or nations. It also, preliminarily,
offers evidence that it is useful to analyse the effectiveness of policy packaging by examining the
impact of TDM packaging on transport performance.
Clearly, there are limitations to this research. Firstly, the data only comes from secondary sources
and some gaps exist in the data, especially for earlier years. Therefore, other kinds of data, such as
interviews, could be taken into consideration to further develop the understanding of the outcome of
the document analysis and the reality of policy processes. Secondly, the causal relationship between
policy packaging and the performance of transport systems is a complex one. Many contextual factors
are not included in the current analysis. A combination with a case study analysis could further the
understanding of the practice of policy packaging and its effectiveness by interviewing policy-makers
and travellers and their experiences with policy packaging. Moreover, more quantitative analysis of a
larger dataset could further the understanding of indices of packaging, like what we propose here,
and indices of the quality of sustainable transport in a large number of cities. We recommend going
in both directions to better understand the potential beneficial effects of policy packaging. Finally,
policy packaging not only integrates measures atone horizontal municipal level, but also includes
the interaction among different governance levels. In further studies, we will include that aspect and
consider the influence of contextual variables.
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